Abstract
INTRODUCTION
Faba bean (Vicia faba L.), also known as broad bean and fava bean, belongs to Fabaceae family. It is a grain legume which has been cultivated since ancient times. Faba bean is commonly grown in Mediterranean countries including Turkey. It is cultivated over about 3 million hectares throughout the world (Link et al., 1999) . There are three main biotypes of faba bean identified in genetic studies. They are large-seeded (macrosperma), small-seeded (microsperma) and medium-seeded biotypes. They are used for different purposes. For instance, large-seeded beans are commonly used in human nutrition, small-seeded ones are usually used in animal feeding and mediumseeded ones are used for both purposes (Duc et al., 2010) . While large-seeded ones are commonly grown in Mediterranean countries and Turkey, small-seeded ones are usually preferred in the USA and European countries. Different farming practices and public preferences have emerged various faba bean landraces. They constitute a significant source of genetic variation and most of them already adapted to national and local conditions . Couple varieties were developed in Turkey during the last decade. Parent lines were mostly supplied from ICARDA (International Center for Agricultural Research in the Dry Areas) breeding lines. Such local agro-ecotypes are generally called with the name of cultivated region. Landraces are under the threat of extinction and mostly probable they will end up with total disappearance in near future. Nutrients are the essesntial components of human nutrietion (White and Broadley, 2005; Khan et al., 2008; Menkir, 2008; Chatzav et al., 2010) . Faba beans are quite rich in protein, starch, minerals, vitamins and antioxidant compounds, thus they are commonly used as dietary food source in human nutrition Baloch et al., 2014) . Legumes are largely consumed by humans worldwide. Human diets are mostly insufficient in mineral elements like zinc (Zn), iron (Fe), iodine (I) and they may also be deficient in selenium (Se), copper (Cu), calcium (Ca) and magnesium (Mg) mostly in less developed countries (Welch and Graham, 2002; White and Broadley, 2005) . Bioavailability of mineral elements in legume seeds can be improved to reduce such deficiencies in human diets. Worldwide around 3.7 billion people (almost 50% of world population) have Fe deficiency symptoms and about 2 billion of then (54%) experience severe Fe deficiency (Yang et al., 1998) . About 2 billon people worldwide suffer from Zn deficiency and severe Zn deficiency is encountered in 4-73% of them just based on their living standards and resultant diets. In a previous study, various quality characterristics of 200 faba bean landraces were investigated. A significant diversity was observed in quality traits as of Turkish landraces as compared to Chinese, Greek and ICARDA varieties. Therefore, a significant diversity was also expected to be seen in mineral elements of these landraces. Then, the present study was conducted to investigate the diversity in mineral elements (N, P, K, Mg, Ca, Fe, Mn, Cu and Zn) of 200 open-pollinated faba bean landraces and three commercial cultivars.
MATERIALS AND METHODS
A total of 200 faba bean landraces representing different geographical regions of Turkey and three commercially available cultivars (Eresen-87, Salkım, Filiz-99) were used as the plant material of the study. Considering the selected cultivars, while "Eresen-87" and "Salkım" are widely grown in Marmara region, "Filiz-99" is largely grown in Aegean and Mediterranean regions. Turkish landraces were collected from different parts of Turkey for two years and they were preserved at ICARDA gene banks. Seeds were then supplied from ICARDA gene bank and experimented for phenotypic diversity in agronomic and quality traits. Name of landraces, collection site and number of landraces are provided in Table 2 (Suso et al., 2001) . Since experimental plots were not prevented from out pollination, hybridization might have observed to some extent. Therefore, seeds used for minerals were not pure seeds of the landraces, they were seeds of hybrids of different species. Then, present plant materials were called as open-pollinated landraces. Soil samples were taken from 0-30 cm soil profile and analyses were performed on these samples in accordance with Page et al. (1982) . Experimental soils were slightly alkaline with a pH of 7.23. Soil lime content was 17.2% and soil salinity was low (0.021%). Soils were sufficient in potassium (645.7 kg ha -1 ) and poor in phosphorus (41.5 kg ha -1 ), (Table 1) . Turkish faba bean germplasm was sown over clay-loam soils in April 2016. As base fertilizer, 40 kg ha -1 N and 50 kg ha -1 P 2 O 5 were applied at sowing.
Micro and Macronutrients analysis
Seeds for the micro and macronutrients analysis were selected from each landrace through the three time random selection and were stored. Concentrated HNO 3 (5 ml) and concentrated H 2 O (2 ml) were used for the digestion of seed samples (0.2 g) in closed microwave digestion system (MARSxpress, CEM Corp.) and then an inductively coupled plasma optical emission spectrometer (ICP-OES; Vista-Pro Axial; Varian Pty Ltd., Australia) was used for the identification of mineral nutrients concentration in the Turkish faba bean gemrplasm. Total nitrogen was measured by Kjeldahl method ( Bremner, 1965) .
Statistical analysis
Standard one-way analysis of variance (ANOVA) was performed for each mineral element using the PROC GLM procedure of the SAS computer program. Significant differences between accessions (P ≤ 0.05) were detected for all studied mineral traits. Principal component analysis (PCA) based on 9 mineral elements was used to identify the patterns of variation within the set of 200 open-pollinated landraces and 3 cultivars. The PCA was done using JMP statistical software. The eigenvalueone criterion was used to retain the principal components that contributed considerable variability. Correlation among studied traits was calculated using the Pearson correlation using the PROC CORR procedure of SAS program.
RESULTS AND DISCUSSIONS
Present landraces exhibited quite high diversities in most of the mineral elements.
Since out-pollination resulted in hybrid landraces, the seeds of harvested plants were not able to yield accurate data for mineral elements of a single landrace. The maximum, minimum, mean and SD values for investigated mineral elements of the landraces and commercial cultivars are provided in . Except for N contents, variations in mineral elements were higher in landraces than in commercial cultivars. The range in seed Zn, Fe, other macro-and micro-element contents were also larger in landraces than in commercial cultivars. Correlations among the investigated traits of landraces and commercial cultivars are provided in Table 4 . Significant positive correlations were observed between the mineral elements. Most of the correlations between the mineral elements were found to be significant because of high number of observations and resultant test power. Fe contents had significant positive correlations with Mn (r = 0.141; P < 0.05) and Zn (r = 0.366; P < 0.01). There were significant positive correlations between Zn and Mn contents (r = 0.266; P < 0.01). Significant positive correlations were also observed between Cu and N (r = 0.135; P < 0.05). Ca contents had significant positive correlations with P (r = 0.165; P < 0.01) and Mg contents (r = 0.161; P < 0.01). Principle component analysis (PCA) was performed to better elucidate the variations in investigated traits of landraces and commercial cultivars. A correlation matrix was created and eigenvalues, percentages of variation and load coefficients were calculated for 75 principle components. PCA analysis revealed a great consistent diversity in mineral elements (Table  5 ). It was observed that the first 7 principal components were able to explain 86.196% of total variation (Table 5 ). PC1 was mostly contributed by Zn, Fe and Mn. PC2 was able to explain 14.424% of total variability and mostly contributed by Ca and Mg. PC3 was able to explain 12.808% of the total variation and largely contributed by N. PC4 was able to explain 11.328% of total variation and mostly contributed by K and P. The first 4 principal components were quite significant and able to explain about 56.264% of total variation; therefore they were plotted for visual assessment of the relationships among faba bean landraces (Figure 1 ). Faba bean landraces constitute a great source for further breeding programs and they can be kept as inbred lines (Terzopoulos and Bebeli, 2008) . Turkish landraces can efficiently be used to enrich the seeds in mineral elements and to develop new lines rich in relevant minerals (Cakmak, 2008) .
Local populations should be characterized for nutrients or mineral elements. Mineral deficiencies, especially Fe and Zn deficiency influence billions of people around the world. Besides Zn and Fe, the other mineral elements like P, Cu, Ca and Mn should also be considered in human diets (Pinheiro et al., 2010) . Improved grain legumes may have great contributions to human health and also improve soil fertility (Welch, 1999; Gomez-Galera et al., 2010) . Turkey is an important gene center of faba bean. However, information about genetic diversity in mineral elements of Turkish landraces is not available. Therefore, the present study was conducted with Turkish faba bean landraces to elucidate the genetic diversity in macro and micro nutrients (N, P, K, Ca, Mg, Fe, Zn, Cu and Mn) of the seeds. Present findings revealed that faba bean landraces had a great diversity in mineral elements (Table 2) . A great diversity was also reported for nutrients of chickpea and faba bean landraces (Özer et al., 2011 , Özer et al., 2012 Karaköy et al., 2014; Baloch et al., 2014) . Bonfil and Kafkafi (2000) indicated that a genotype able to store large quantities of nutrients will have significant advantages in nutrient-deficient soils. Nutrient absorption and uptake from the soils, translocation and redistribution in different greatly influence seed nutrient contents (Grusak and Cakmak, 2005; Cakmak et al., 2010) . This study was considered as the first report about diversity in mineral elements of faba bean landraces of Turkey. Present findings may have great contributinos to further faba bean breading and improvement efforts. For instance, large variations in Fe contents (44.86-128 .53 mg kg -1 ) points out an allelic variation. Chemical composition of landraces largely vary with the genotypes, seed composition and characteristics, cultural practices, soil and climate factors and type of pollination. Correlation coefficients revealed common genetic-physiological mechanisms dominant in mineral absorption or uptake of the root system, translocation and redistribution within the plant tissues, remobilization or accumulation in seeds (Çakmak, 2008; Peleg et al., 2008; Chatzav et al., 2010) . There were significant positive correlations between seed Fe and Zn contents (r = 0.366; P < 0.01). Such significant correlations between Fe and Zn were also reported by previous researchers for various lentils Baloch et al., 2014) , wheat (Garvin et al., 2006; Chatzav et al., 2010) and Phaseolus vulgaris (Pinheiro et al., 2010) . In present study, significant positive correlations were also observed between Fe and Mn. Similar positive correlations were also reported for lentils ) and rice (Jiang et al. 2008) . PCA analysis was performed in this study to better elucidate genetic diversity in mineral elements of 200 open-pollinated faba bean landraces and three commercial cultivars. The first two principle components (PC1 and PC2) were able explain 32.128% of total variation in mineral elements and revealed significant information for further breeding studies to be carried out to develop new lines with high Cu, Mn, Fe, K and Zn contents. Zn, Fe, Mn, Mg and N were the greatest contributors to the variation in mineral elements. PC1 was largely contributed by Mn, Zn and Fe and PC2 was mostly contributed by Mg and Ca. Figure 1 clearly presented that some landraces were quite different from the others with regard to some of the investigated mineral elements and these elements were considered as the primary source of variation in the germplasm. 
CONCLUSIONS
Determination of the nutritional characteristics of diverse faba bean landraces is very important for faba bean breeding programs. We found significant variations in the proximate contents and physicochemical characteristics of 203 faba bean landraces collected from diverse geographic regions within Turkey. Present data largely represented hybrids of 200 open-pollinated landraces and three commercial cultivars. It is recommended for further researches to be carried out on faba bean landraces that precautions should be taken against outcrossing and characterizations should be made on selfed genotypes for precise and reliable characterization of Turkish faba bean landraces.
